Searching PAJ 



PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2001 -31 8248 

(43)Date of publication of application : 16.11.2001 



if 



(51)Int.CI. 




G09R fi/19 
G02B 6/13 




r- ■ 

(21)Application number 


: 2000-139682 


(71)Applicant 


: MITSUBISHI ELECTRIC CORP 


(22)Date of filing : 


12.05.2000 


(72)Inventor : 


YOSHIMURA MOTOMU 








KUMADA TERUHIKO 


I 






HIRAMATSU SEIKI 








MINAMI SHINTAROU 








NAKAO YUKIYASU 








NISHIOKA TAKAHIRO 








KURATA TETSUYUKI 



(54) METHOD FOR PRODUCING POLYMERIC OPTICAL WAVEGUIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate manufacturing 
steps efficient and to reduce manufacturing cost, 
because the application of the materials of a polymeric 
waveguide is carried out in only two steps, using the 
same polymer and to easily provide a multifunctional- 
multilayered optical waveguide as well as to accurately 
and easily manufacture single-mode and multi-mode 
waveguides. 

SOLUTION: A silanol type organosiloxane polymer is 
applied on a substrate, patterned and exposed to vapor 
of an alkylated germanium amine or vapors of an 
alkylated silicon amine and an alkylated germanium 
amine to form a core part. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture approach of the optical waveguide characterized by putting to the 
steam of the mixture of an alkylation germanium amine or an alkylation silicon amine, and an 
alkylation germanium amine after applying a silanol mold organic siloxane system giant molecule 
on a substrate, applying a resist on it and carrying out patterning. 

[Claim 2] The manufacture approach of the optical waveguide characterized by performing a 
process according to claim 1 twice or more, and using the resist pattern same each time always. 
[Claim 3] It is the manufacture approach of the optical waveguide characterized by performing a 
process according to claim 1 twice or more, and using a different resist pattern from others of 
them at least at once. 

[Claim 4] The manufacture approach of optical waveguide according to claim 1 , 2, or 3 that a 
silanol mold organic siloxane system macromolecule is a macromolecule which has the repeat 
unit expressed with a formula (1). 
[Formula 1] 

/oh 

Si-0+ 5t CI ) 



I 

OR 



(R expresses the phenyl group which can have the alkyl group, alkyl group, or halogen which can 
have a halogen among a formula (1)) 

[Claim 5] The manufacture approach of optical waveguide according to claim 1 , 2, or 3 that a 
silanol mold organic siloxane system macromolecule is a macromolecule which has the repeat 
unit expressed with a formula (2). 
[Formula 2] 

/OH \ 

S I -o-- 

I 

O j£ (2) 

Si-O- 
\oR / 

(R expresses the phenyl group which can have the alkyl group, alkyl group, or halogen which can 
have a halogen among a formula (2)) 

[Claim 6] The manufacture approach of optical waveguide according to claim 1, 2, or 3 that a 
silanol mold organic siloxane system macromolecule is a copolymer macromolecule which has the 
repeat unit expressed with the repeat unit expressed with a formula (1), and a formula (2). 
[Claim 7] The repeat unit expressed with the repeat unit and/or formula (2) to which a silanol 
mold organic siloxane system macromolecule is expressed with a formula (1), The repeat unit 
expressed with a formula (3), the repeat unit expressed with a formula (4), The repeat unit 
expressed with a formula (5), the repeat unit expressed with a formula (6), The manufacture 
approach of the optical waveguide according to claim 1, 2, or 3 which is the copolymer 
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macromolecule which has at least one repeat unit chosen from the group which consists of a 
repeat unit expressed with the repeat unit and formula (8) which are expressed with a formula 
(7). 

[Formula 3] 

/ OR 

Si-0+ A (3) 

OR 



/OR \ 

S i -O 

I 

O 
I 

--Si -O-- 
\0R / 



5S (4) 



i -O 



% (5) 



-- S 1 -o-- 



-- S 3 -O-- 



5$ (6) 



% (7) 



Si-O-- 



-o 



5t (8) 



[Claim 8] The manufacture approach of the optical waveguide according to claim 1 , 2, 3, 4, 5, 6, 
or 7 characterized by changing suitably the mixed ratio of an alkylation silicon amine and an 
alkylation germanium amine. 

[Claim 9] Optical waveguide manufactured by the approach claims 1, 2, 3, 4, 5, 6, and 7 or given 
in eight. 

[Claim 10] Optical waveguide which the clad section consists of a silanol mold organic siloxane 
system macromolecule (parent macromolecule), and consists of a macromolecule with which the 
core section has the structure which permuted some or all of a hydroxyl group of an organic 
siloxane system macromolecule by the trialkyl germanium NOKISHI radical or the trialkyl siloxy 
radical, and the trialkyl germanium NOKISHI radical. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical waveguide which has the function 
which processes suitably in detail the optical information which was made to connect with an 
optical fiber and has been sent from the optical fiber in optical information communication 
equipment about optical waveguide and its manufacture approach, and outputs optical 
information to an optical fiber again, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Inorganic material systems, such as quartz glass and a semi- 
conductor, are well used for the conventional optical waveguide. There is little joint loss with an 
optical fiber, and especially the waveguide property of the light of 1 .3-micrometer band used for 
optical communication and 1 .55-micrometer band is excellent in inorganic system optical 
waveguide, especially a quartz system. However, since construction material is weak, it is easy 
to damage physically, and a lure and large-area-izing are also difficult also for workability 
(JP,1 0-301 3,A). 

[0003] In the inorganic material, the researches and developments which use an organic material 
for optical waveguide are also done from problems — heavy [ the ingredient itself ], not easy to 
process it, and it is easy to damage. As an organic material, an acrylate system giant molecule, a 
carbonate system giant molecule, the amide system giant molecule, the imide system giant 
molecule, the urethane system giant molecule, the epoxy system giant molecule, etc. are 
examined (JP,1 1-133254,A, JP.1 1-23871, A, JP,10-1 70739A JP,10-332962,A). in an organic 
material, large-area-izing with easy workability is possible — etc. — it has the advantage 
(Imamura, a macromolecule, 43 volumes, No. 4, p.271 (1994)). Moreover, it is rich in flexibility and 
a configuration can also consider various things (JP,1 1-38241, A). 

[0004] However, the waveguide property of the light of 1 .3-micrometer band used for optical 
communication and 1 .55-micrometer band is inferior compared with the inorganic material for the 
optical absorption in the infrared region of own C-H coupling of a molecule, which constitutes 
the macromolecule, and the optical absorption in the infrared region of O-H association by the 
moisture which sticks to organic macromolecule waveguide (JP,6-109936,A). Moreover, a joint 
property with silica optical fiber is also bad, and joint loss is large. Moreover, in order to form the 
clad section and the core section, it is necessary to prepare at least two kinds of 
macromolecules. Furthermore, although solder is used for association with an accumulation 
substrate, it is difficult to bear the solder temperature (Imamura, a macromolecule, 43 volumes, 
No. 4, p.271 (1994)). Moreover, familiarity by the substrate is also bad (JP,61 -240207 ,A). 
Therefore, there is a fault in which macromolecule waveguide exfoliates from a substrate. 
[0005] In order to solve this fault, research which uses an organic silicon system macromolecule 
as a waveguide ingredient is done (JP.6-109936A JP,6-172533A JP,5-66301,A, JP,3- 
188402A JP,61-240207,A). In using a silicon system ingredient for a substrate, being hard of 
adhesion becomes that familiarity is good for each other since waveguide is also the same silicon 
system ingredient, and exfoliation takes place well. Moreover, since it is a silicon system 
ingredient, thermal resistance is also good, and since the organic silicon system macromolecule 
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is used, brittleness is also solved. 

[0006] Since the refractive-index difference of the core section and the clad section is produced 
also in the case of this silicon system ingredient, various examination is made. A typical 
approach is an approach using two kinds of silicon system macromolecules with which the 
chemical structures differ. For example, it is changing the part of the organic nature of a 
substituent (JP, 10-3651 1,A). It is the approach of using for core materials the macromolecule 
which has the organic substituent which transposed the silicon element of the frame of an 
organic silicon system macromolecule to one more by the metallic element trivalent [ other ] and 
tetravalent (JP,5-66301,A). In this case, an organic silicon system macromolecule and the 
compound which has other metallic elements are made to react, another macromolecule which 
permuted the silicon element of a frame by other metallic elements is created, and this 
macromolecule is used as core materials. For this reason, the chemosynthesis which permutes 
the silicon which forms the frame of an organic silicon system macromolecule by other metallic 
elements is needed. 

[0007] Furthermore, by such ingredient system, creation of optical waveguide applies an organic 
silicon system macromolecule first on a substrate, applies another macromolecule used as core 
material on it, will form a core pattern and will apply an organic silicon system macromolecule as 
an up clad on it further. That is, the spreading process of a macromolecule is required 3 times at 
least. Moreover, it is necessary to compound the macromolecule of another metal system which 
made silicon permute. 

[0008] There were the above various troubles in the optical waveguide using an old organic 

macromolecule system ingredient. 

[0009] 

[Problem(s) to be Solved by the Invention] Thus, in the optical waveguide using the conventional 
organic macromolecule system ingredient, when it uses except an organic silicon system 
macromolecule, familiarity by the substrate is bad, and since there is absorption in the near- 
infrared region of O-H association of C~H coupling on the chemical structure and the moisture 
which sticks to an ingredient, waveguide loss in 1 .3-micrometer region and 1 .55-micrometer 
region which are used by optical communication becomes large. Moreover, a pair solder heat 
characteristic is also bad and joint loss with a quartz fiber also becomes large further. Moreover, 
in order to solve these troubles, even if it uses an organic silicon system macromolecule, it is 
necessary to use at least two kinds of macromolecules as core material and a clad plate. The 
spreading process of at least 3 times of giant molecules and the etching process of the core 
section are needed for formation of the minimum of a lower clad, a core, and an up clad. 
[0010] In this invention, after applying a silanol mold organic siloxane system giant molecule on a 
substrate and forming a resist pattern on it, the optical waveguide of a polymeric-materials 
system tends to be formed by the approach of putting to the steam of the mixture of an 
alkylation silicon amine and an alkylation germanium amine, and it is going to solve the fault of a 
Prior art mentioned above. 
[0011] 

[Means for Solving the Problem] Namely, this invention applies a silanol mold organic siloxane 
system macromolecule on a substrate. The manufacture approach of the optical waveguide 
characterized by putting to the steam (vapor) of the mixture of an alkylation germanium amine or 
an alkylation silicon amine, and an alkylation germanium amine after applying a resist on it and 
carrying out patterning (claim 1), The manufacture approach of the optical waveguide 
characterized by performing a process according to claim 1 twice or more, and performing an 
optical exposure of the image same each time always (claim 2), The manufacture approach of the 
optical waveguide characterized by performing a process according to claim 1 twice or more, and 
performing an optical exposure of the different, image at least at once from others of them 
(claim 3), The manufacture approach of optical waveguide using the macromolecule expressed 
with a formula (1) by the silanol mold organic siloxane system macromolecule (claim 4), The 
manufacture approach of optical waveguide using the macromolecule which has the repeat unit 
expressed with a formula (2) by the silanol mold organic siloxane system macromolecule (claim 
5), The manufacture approach of optical waveguide using the copolymer macromolecule which 
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has the repeat unit expressed with the repeat unit expressed with a formula (1) by the silanol 
mold organic siloxane system macromolecule, and a formula (2) (claim 6), The repeat unit 
expressed with the repeat unit and/or formula (2) which are expressed with a formula (1) by the 
silanol mold organic siloxane system macromolecule, The repeat unit expressed with a formula 
(3), the repeat unit expressed with a formula (4), The repeat unit expressed with a formula (5), 
the repeat unit expressed with a formula (6), The manufacture approach of optical waveguide 
using the copolymer macromolecule which has at least one repeat unit chosen from the group 
which consists of a repeat unit expressed with the repeat unit and formula (8) which are 
expressed with a formula (7) (claim 7), The manufacture approach of the optical waveguide 
characterized by changing suitably the mixed ratio of an alkylation silicon amine and an alkylation 
germanium amine (claim 8), It is related with the optical waveguide (claim 10) which the optical 
waveguide (claim 9) and the clad section which are manufactured by the aforementioned 
approach consist of a silanol mold organic siloxane system macromolecule, and consists of an 
organic siloxane system macromolecule with which the core section has a trialkyl germanium 
NOKISHI radical in a side chain. 



[0012] 
[Formula 4] 




5£ (l) 



/ OH 
/ I 
— S i 



O 



o 



(2) 



S i 



\OR 



[0013] 
[Formula 5] 
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[0014] Formula (1) In - (8), R expresses the phenyl group which can have the alkyl group, alkyl 

group, or halogen which can have a halogen. 

[0015] 

[Embodiment of the Invention] There is optical waveguide which generally has the core section 
with a large refractive index and the clad section with the low refractive index which encloses 
the core section as optical waveguide. The clad section consists of a silanol mold organic 
siloxane system macromolecule, and the optical waveguide of this invention consists of a 
macromolecule with which the core section has the structure which permuted some or all of a 
hydroxyl group of a silanol mold organic siloxane system macromolecule by the trialkyl 
germanium NOK1SHI radical or the trialkyl siloxy radical, and the trialkyl germanium NOK1SHI 
radical. 

[0016] By the manufacture approach of this invention, optical waveguide is manufactured by 
using a silanol mold organic siloxane system macromolecule as a parent macromolecule. 
According to this invention, the OH radical of the macromolecule which forms the core section 
can obtain the optical waveguide permuted by the alkylation germanium NOKISHI radical (trialkyl 
germanium NOKISHI radical) by using a silanol mold organic siloxane system macromolecule as a 
parent macromolecule. 

[0017] The part which consists of a component which made the germanium element (trialkyl 
germanium NOKISHI radical) permute by the side chain (OH radical) of a silanol mold organic 
siloxane system giant molecule can be made to form by applying a silanol mold organic siloxane 
system giant molecule on a substrate, and putting to the steam of the mixture of an alkylation 
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germanium amine or an alkylation silicon amine, and an alkylation germanium amine, after applied 
and carrying out patterning (a pattern is formed) of the resist on it. This part has a large 
refractive index and it can make it the core section. 

[0018] As a substrate, a quartz, silicon, silicon oxide, glass, the ceramics, gallium arsenide, etc. 
can be used, for example. 

[0019] As a silanol mold organic siloxane system macromolecule used as a basic material (parent 
ingredient), a straight chain-like macromolecule and a ladder mold macromolecule can be used, 
for example. As molecular weight of a silanol mold organic siloxane system macromolecule, 
10000-100000 are desirable. When there is an inclination for the film production nature as a poly 
membrane to become [ molecular weight ] a defect less than by 10000 and 100000 is surpassed, 
there is an inclination for the membraneous quality of a poly membrane to become an 
ununiformity. As a silanol mold organic siloxane system macromolecule For example, the 
macromolecule which has the repeat unit of a formula (1), the macromolecule which has the 
repeat unit of a formula (2), The copolymer macromolecule which has at least one of the 
copolymer macromolecule which has the repeat unit of a formula (1) and the repeat unit of a 
formula (2), the repeat unit of a formula (1) and/or the repeat unit of a formula (2), and the 
repeat units of either a formula (3) - a formula (8) can be raised. That is, the silanol mold organic 
siloxane system macromolecule obtained combining suitably the repeat unit expressed with a 
formula (1) - a formula (8) and other repeat units can be used. Among a formula (1) - a formula 
(8), although R can be made into an alkyl group, as for the carbon number of an alkyl group, it is 
desirable that it is 1-7, and it is 1-5 more preferably. When a carbon number surpasses 5, there 
is an inclination for the glass transition point of a macromolecule to become low. 
[0020] The thickness of a resist is usually 3-10 micrometers, and its 5-micrometer order is 
desirable. 

[0021] As an alkylation silicon amine, the trialkyl silicon amine expressed with a formula (9) can 
be used, for example. As an alkylation germanium amine, the trialkyl germanium amine expressed 
with a formula (10) can be used, for example, the inside of a formula (9) and a formula (10), and R 
— an alkyl group — expressing — desirable — a carbon number — 1-6 — the alkyl group of 1- 
3 is expressed more preferably. If a carbon number surpasses 6, the reaction effectiveness 
which causes a permutation by gaseous phase reaction will fall. 
(SiR3) 2NH Formula (9) 
(GeR3) 2NH Formula (10) 

[0022] Exposure of the steam of the mixture of an alkylation germanium amine or an alkylation 
silicon amine, and an alkylation germanium amine can be performed for example, in a nitrogen air 
current. 

[0023] Although steamy exposure can be performed while vapor pressure is usually 100-10 
pascals, near 30 pascal is desirable. When vapor pressure surpasses 100 pascals, there is an 
inclination which an alkylation silicon amine and an alkylation germanium amine stop being able to 
evaporate easily, by less than 10 pascals, it evaporates too much conversely, and there is an 
inclination for reaction effectiveness to fall. 

[0024] Although steam temperature can usually be made into 150-250 degrees C, near 200 
degree C is desirable. If there is an inclination for which an alkylation silicon amine and an 
alkylation germanium amine stop steam temperature being able to evaporate easily at less than 
150 degrees C and 250 degrees C is surpassed conversely, it will evaporate too much, and there 
is an inclination for reaction effectiveness to fall. 

[0025] As for steamy exposure, it is usually desirable to carry out for 30 - 60 minutes. There is 
an inclination for a substitution reaction to occur also except the core formation section if there 
is an inclination which the substitution reaction according [ an exposure period ] to an alkylation 
silicon amine and an alkylation germanium amine at less than 30 minutes does not complete and 
60 minutes is surpassed. 

[0026] By steamy exposure, H of the side chain (OH radical) of the silanol mold organic siloxane 
system macromolecule of a part from which the resist was removed can be permuted by 
alkylation germanium, the refractive index of the part can be enlarged, and it can consider as the 
core section. By this substitution reaction, the silanol part of a silanol mold organic siloxane 
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system macromolecule reacts with an alkylation silicon amine or an alkylation germanium amine, 
and serves as a trialkyl siloxy radical or a trialkyl germanium NOKISHI radical. By these 
substituents, the refractive index of these parts can be made larger than the refractive index of 
the original silanol mold organic siloxane system macromolecule section. That is, it can consider 
as the core section and the original silanol mold organic siloxane system macromolecule section 
can be made into the clad section. 

[0027] Furthermore on this, the up clad section can be formed by applying what dissolved the 
original silanol mold organic siloxane system macromolecule in the solvent. 
[0028] That is, while being able to form waveguide by making only one kind of macromolecule 
into a basic material (parent macromolecule), the spreading process of a macromolecule can also 
be managed with 2 times. Furthermore, the etching process of the core section can also be 
skipped. That is, it is not necessary for it not to be necessary to create newly another 
macromolecule with which refractive indexes differ, in order to form the core section, and to 
apply the macromolecule on the lower clad section, and to expose and etch at a waveguide 
configuration. 

[0029] As a solvent in which a silanol mold organic siloxane system giant molecule is dissolved, 
methyl isobutyl ketone etc. can be used, for example. As concentration of the silanol mold 
organic siloxane system macromolecule at the time of making it dissolve in methyl isobutyl 
ketone, 10 - 15 % of the weight is desirable. At less than 10 % of the weight, since viscosity will 
become high too much if there is an inclination for spin coat film production to become difficult 
and 15 % of the weight is surpassed, since viscosity is too low, there is an inclination for spin 
coat film production to become difficult. 

[0030] As for the thickness of an up clad, it is desirable that it is 10-25 micrometers. When 
there is an inclination for waveguide light to leak, for the thickness of an up clad to come out in 
less than 10 micrometers, and for waveguide loss to become large and 25 micrometers is 
surpassed, there is an inclination for a crack to arise, for dispersion of waveguide light to become 
large, and for waveguide loss to become large inside a cladding layer. 

[0031] The difference in the refractive index of the clad section and the core section and the 
so-called relative index difference are very important as a property of optical waveguide. 
Relative index difference is usually made into 0.1 - 1.0%. The light of a single mode can be made 
to guide by making relative index difference into 0.3% or less. The light of a multimode can be 
made to guide by making relative index difference into 1.0% or less. Control of the refractive 
index of the clad section and the core section can be performed by controlling the rate of 
permuting a side chain by the germanium element. 

[0032] Control of a permutation rate can be performed by controlling the mixing ratio of each 
amine in the mixture of for example, an alkylation silicon amine and an alkylation germanium 
amine. The mixed ratio of an alkylation silicon amine and an alkylation germanium amine can be 
changed between 1:2-1:20 by the mole ratio. When the ratio of the alkylation germanium when 
setting an alkylation silicon amine to 1 is smaller than 2, there is an inclination for the refractive 
index of the core section not to become large enough, and when larger than 20, there is an 
inclination for refraction of the core section to become large too much. 

[0033] Moreover, it can carry out repeatedly by controlling the rate of a repeat unit of having a 
silanol group, by making into a basic material (parent macromolecule) the copolymer 
macromolecule which has the unit and the repeat unit which has a silanol group which does not 
have a silanol group in a side chain, and performing the germanium permutation of a side chain. 
[0034] The light of a single mode and a multimode can be made to guide, respectively by 
controlling the configuration of the core section in addition to the property of relative index 
difference. The light of a single mode can be made to guide by making the configuration of a core 
into 7-micrometer angle extent. On the other hand, the light of a multimode can make waves 
guide also with the core of the magnitude of dozens of micrometer angle. Formation and 
configuration control of the core section are performed by controlling the image of a resist 
pattern. On the other hand, about depth, it is controllable by the amount of exposure of an 
alkylation germanium amine. In order to make the depth of a core deep even to dozens of 
micrometers, it can attain by applying a silanol mold organic siloxane system giant molecule on a 
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substrate, and performing the process put to the steam of the mixture of an alkylation 
germanium amine or an alkylation silicon amine, and an alkylation germanium amine twice [ at 
least ] or more using the always same resist pattern. The thickness of the core for which it asks 
can determine the count of a repeat of this process. 

[0035] Furthermore, a waveguide property is changeable by changing the core configuration in 
each waveguide road layer. It can attain by applying a silanol mold organic siloxane system giant 
molecule on a substrate, performing the process put to the steam of the mixture of an alkylation 
germanium amine or an alkylation silicon amine, and an alkylation germanium amine twice [ at 
least ] or more after resist pattern formation, changing the image of the resist pattern for every 
process, and carrying out. That is, multilayering optical waveguide can be formed. 
[0036] By permuting the hydrogen atom of the alkyl group of the silanol mold organic siloxane 
system macromolecule of a basic material by the halogen, the photoconductive wave property in 
the wavelength region (1.3 micrometers and 1.55 micrometers) of the macromolecule optical 
waveguide of this invention can be raised more. As for the rate of halogenation, it is desirable 
that it is 70 - 100%, and it is 85 - 100% more preferably. There is an inclination for waveguide 
loss of the light (1.3 micrometers and 1.5 micrometers) which there is an inclination for 
absorption in the near infrared region according [ a substitutional rate ] to C-H coupling at less 
than 70% to increase, and is used by optical communication to become large. Moreover, thermal 
resistance can be raised more by permuting by the halogenation phenyl group. Other halogens 
are sufficient although a fluorine is effective as a halogen. By raising thermal resistance, the 
solder-proof property in the case of chip-izing can be raised. In this invention, it is expected 
that the thermal resistance of about 250 degrees C or more will be securable. 
[0037] 

[Example] As shown in example 1 drawin g 1 , the photosensitive resist film was applied so that 
the silanol mold organic siloxane system giant molecule (parent giant molecule) which has the 
repeat unit expressed with a formula (1) might be applied on a silicon substrate and it might 
become 5-micrometer thickness (a) and on it, this resist film was performed by the usual 
approach, and patterning with a depth of 5 micrometers was performed by 7-micrometer width of 
face. Baking was performed for 10 minutes after it and in the 100-degree C ambient atmosphere. 
Next, the above-mentioned ingredient was put to the steam of the mixture of an alkylation 
silicon amine (Si3 (CH3)) (2NH) and an alkylation germanium amine (germanium3 (CH3)) (2NH) on 
30-pascaI conditions under the nitrogen air current (b). It carried out for 50 minutes with the 
steam temperature of 1 95 degrees C. The ratio of the mixture of an alkylation silicon amine and 
an alkylation germanium amine was set to 1 to 10. 

[0038] Consequently, H of the OH radical of a parent macromolecule was permuted even by 
depth of 8 micrometers by Si (CH3)3 and germanium (CH3)3 at a rate of 1 to 5 (c). It asked for 
the permutation rate by IR analysis and NMR analysis. Moreover, it improved even to 1.566 that 
the refractive index of the silanol mold organic siloxane system macromolecule which has the 
repeat unit expressed with a formula (1) was 1.562. Consequently, it was shown that the relative 
index difference of the core section and the clad section becomes 0.3% or less, and the optical 
waveguide of a single mode can be formed. 

[0039] Next, by the usual approach, after removing said resist, optical waveguide as applied the 
silanol mold organic siloxane system macromolecule of the formula (1) which methyl isobutyl 
ketone was made to dissolve on this so that it may become 1 0-micrometer thickness with a spin 
coat method, and shown in (d) and drawing 1 was obtained. This thing was thermally stable to 
250 degrees C. 

[0040] Optical waveguide was formed like example 2 example 1 . However, the silanol mold 
organic siloxane system macromolecule which has the repeat unit expressed with a formula (2) 
by the parent macromolecule in a quartz substrate was used for the substrate. Exposure 
conditions were performed for 45 minutes with 28 pascals and the steam temperature of 200 
degrees C under the nitrogen air current. The alkylation silicon amine (Si3 (C2H5)) (2NH) and the 
alkylation germanium amine (germanium3 (C2H5)) (2NH) were used by the mixed ratio of 1 to 1 2. 
[0041] Consequently, H of the OH radical of a parent macromolecule was permuted even by 
depth of 8 micrometers by Si (C2H5)3 and germanium (C2H5)3 at a rate of 1 to 6. Moreover, it 
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improved even to 1.567 that the refractive index of the organic siloxane system macromolecule 
which has the repeat unit expressed with a formula (2) was 1 .563. Consequently, it was shown 
that the relative index difference of the core section and the clad section becomes 0.3% or less, 
and the optical waveguide of a single mode can be formed. 

[0042] After removing a resist, the organic siloxane system macromolecule which has the repeat 
unit expressed with the formula (2) which methyl isobutyl ketone was made to dissolve on this 
was applied so that it might become 1 0-micrometer thickness with a spin coat method, and 
optical waveguide as shown in drawing 1 was obtained. This thing was thermally stable to 252 
degrees C. 

[0043] Optical waveguide was formed like example 3 example 1 . However, the silanol mold 
organic siloxane system macromolecule which has the repeat unit expressed with the repeat unit 
as which structure is expressed in a formula (1) by the parent macromolecule in an oxidation 
silicon substrate, and a formula (2) was used for the substrate. Exposure conditions were 
performed for 40 minutes with 31 pascals and the steam temperature of 210 degrees C under 
the nitrogen air current. The alkylation silicon amine (Si3 (C3H7)) (2NH) and the alkylation 
germanium amine (germanium3 (C3H7)) (2NH) were used by the mixed ratio of 1 to 4. 
[0044] Consequently, H of the OH radical of a parent macromolecule was permuted even by 
depth of 8 micrometers by Si (C3H7)3 and germanium (C3H7)3 at a rate of 1 to 2. Moreover, it 
improved even to 1 .565 that the refractive index of the organic siloxane system macromolecule 
which has the repeat unit expressed with a formula (1) and a formula (2) was 1.563. 
Consequently, it was shown that the relative index difference of the core section and the clad 
section becomes 0.3% or less, and the optical waveguide of a single mode can be formed. 
[0045] Then, after resist clearance, the organic siloxane system macromolecule which has the 
repeat unit expressed with the repeat unit expressed with the formula (1) which methyl isobutyl 
ketone was made to dissolve on this, and a formula (2) was applied so that it might become 10- 
micrometer thickness with a spin coat method, and optical waveguide as shown in drawing 1 was 
obtained. This thing was thermally stable to 255 degrees C. 

[0046] Optical waveguide was formed like example 4 example 1 . However, the oxidation silicon 
substrate was used for the substrate. The copolymer which has the repeat unit expressed with 
the repeat unit as which structure is expressed in a formula (1), and a formula (3) was used for 
the parent macromolecule (basic material). Exposure conditions were performed for 40 minutes 
with 31 pascals and the steam temperature of 210 degrees C under the nitrogen air current. The 
alkylation silicon amine (Si3 (C3H7)) (2NH) and the alkylation germanium amine (germanium3 
(C3H7)) (2NH) were used by the mixed ratio of 1 to 14. 

[0047] Consequently, H of the OH radical of a parent macromolecule was permuted by depth of 
8 micrometers by Si (C3H7)3 and germanium (C3H7)3 at a rate of 1 to 7. Moreover, it improved 
even to 1.566 that the refractive index of the organic siloxane system macromolecule which has 
the repeat unit expressed with the repeat unit expressed with a formula (1) and a formula (3) 
was 1 .564. Consequently, it was shown that the relative index difference of the core section and 
the clad section becomes 0.3% or less, and the optical waveguide of a single mode can be 
formed. 

[0048] Then, after removing a resist, the organic siloxane system macromolecule which has the 
repeat unit expressed with the repeat unit expressed with the formula (1) which methyl isobutyl 
ketone was made to dissolve on this, and a formula (3) was applied so that it might become 10- 
micrometer thickness with a spin coat method, and optical waveguide as shown in drawin g 1 was 
obtained. This thing was thermally stable to 255 degrees C. 

[0049] The same result was obtained even if it used the repeat unit expressed with a formula (4), 
(5), (6), (7), or (8) instead of the repeat unit expressed with the formula (3) of five to example 9 
example 4. namely, the substitution reaction by the alkylation silicon amine and the alkylation 
germanium amine — the refractive index of the permutation section — an example 5 — 1 .562- 
1.564 — an example 6 — to 1.562-1.565, in the example 7, in the example 8, it improved to 
1.563-1.566. and improved by 1.562-1.564, and the example 9 1.563-1.565. Moreover, the heat- 
resistant temperature of the obtained optical waveguide was [ at 249 degrees C and an example 
8 ] 252 degrees C by 252 degrees C and the example 7 in 254 degrees C and an example 6 in 
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the example 5 in 251 degrees C and an example 9. The presentation ratio and creation 
conditions of a parent macromolecule of each example are shown in a table 1 . 
[0050] The same result was obtained even if it used the repeat unit expressed with a formula (2) 
instead of the repeat unit expressed with the formula (1) often to example 15 examples 4-9. 
The presentation ratio and creation conditions of a parent macromolecule of each example are 
shown in a table 1 . 

[0051] Optical waveguide was formed like example 16 example 1. However, the alumina ceramics 
substrate was used for the substrate. The copolymer macromolecule which has the repeat unit 
expressed with the repeat unit expressed with the repeat unit as which structure is expressed in 
a formula (1), and a formula (2), and a formula (8) was used for the parent macromolecule. 
Exposure conditions were performed for 50 minutes with 31 pascals and the steam temperature 
of 220 degrees C. An amine is a methylation germanium amine (germanium(CH3)2NH) (it used.). 
[0052] Consequently, 70% of H of the OH radical of a parent macromolecule was permuted even 
by depth of 8 micrometers by germanium (CH3)3. Moreover, it improved even to 1.567 that the 
refractive index of the copolymer macromolecule which has the repeat unit expressed with the 
repeat unit expressed with the repeat unit expressed with a formula (1) and a formula (2) and a 
formula (8) was 1 .564. Consequently, it was shown that the relative index difference of the core 
section and the clad section becomes 0.3% or less, and the optical waveguide of a single mode 
can be formed. 

[0053] After removing a resist, the copolymer macromolecule which has the repeat unit 
expressed with the repeat unit expressed with the repeat unit expressed with the formula (1) 
which methyl isobutyl ketone was made to dissolve on this, and a formula (2), and a formula (8) 
was applied so that it might become 10-micrometer thickness with a spin coat method, and 
optical waveguide as shown in drawin g 1 was obtained. This thing was thermally stable to 260 
degrees C. 

[0054] The same result was obtained even if it used the copolymer macromolecule which has the 
repeat unit expressed with the repeat unit expressed with a formula (3), the repeat unit 
expressed with (4), the repeat unit expressed with (5), the repeat unit expressed with (6), or (7) 
instead of the repeat unit expressed with the formula (8) of 17 to example 21 example 16. 
namely, the substitution reaction by the methylation germanium amine — the refractive index of 
the permutation section — an example 17 — 1.561-1.564 — an example 18 — 1.562-1.564 — in 
the example 19, to 1.563-1.565, in the example 20, it improved to 1.563-1.565, and improved by 
the example 21 1.562-1.564. Moreover, the heat-resistant temperature of the obtained optical 
waveguide was [ at 253 degrees C and an example 20 ] 253 degrees C by 253 degrees C and the 
example 19 in 255 degrees C and an example 18 in the example 17 in 255 degrees C and an 
example 21. The presentation ratio and creation conditions of a parent macromolecule of each 
example are shown in a table 1. 

[0055] It carried out almost like example 22 example 1. As shown in drawin g 2 , on the gallium 
arsenide substrate, it applied so that structure might dissolve the silanol mold organic siloxane 
system giant molecule which has the repeat unit expressed with a formula (1) in methyl isobutyl 
ketone and might become 1 5-micrometer thickness with a spin coat method, and the resist 
pattern with a pattern width of face [ of 30 micrometers ] and a thickness of 5 micrometers was 
applied by the usual approach (a) and on it. Baking was performed for 10 minutes after it and in 
the 100-degree C ambient atmosphere. Next, the above-mentioned ingredient was put to the 
steam of the mixture of an alkylation silicon amine (Si3 (CH3)) (2NH) and an alkylation 
germanium amine (germanium3 (CH3)) (2NH) (b). Exposure conditions were performed for 40 
minutes with 31 pascals and the steam temperature of 210 degrees C. The mixed ratio of an 
alkylation silicon amine and an alkylation germanium amine was set to 1 to 1 6. 
[0056] Consequently, H of the OH radical of a parent macromolecule was permuted even by 
depth of 10 micrometers by Si (CH3)3 and germanium (CH3)3 at a rate of 1 to 8 (c). Moreover, it 
improved even to 1.570 that the refractive index of the organic siloxane system macromolecule 
which has the repeat unit expressed with a formula (1) was 1.563. Consequently, it was shown 
that the relative index difference of the core section and the clad section becomes 1.0% or less, 
and the optical waveguide of a multimode can be formed. 
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[0057] It applies so that structure may dissolve the silanol mold organic siloxane system giant 
molecule which has the repeat unit expressed with a formula (1) in methyl isobutyl ketone and 
may become 1 0-micrometer thickness with a spin coat method further, after removing a resist. 
On it then, again The same process as the above-mentioned which applies a resist pattern with 
a pattern width of face [ of 30 micrometers ] and a thickness of 5 micrometers, and is further 
put to a steam with an alkylation silicon amine and an alkylation germanium amine was repeated 
twice, and was performed (d, e). 

[0058] The resist of a ftnal process was removed after it and optical waveguide as applied the 
silanol mold organic siloxane system macromolecule which has the repeat unit expressed with 
the formula (1) which methyl isobutyl ketone was made to dissolve on this so that it may become 
1 0-micrometer thickness with a spin coat method, and shown in (f) and drawing 2 was obtained. 
Here, the optical waveguide of the multimode whose width of face and depth of a core are 30 
micrometers, respectively was obtained. This thing was thermally stable to 252 degrees C. 
[0059] The same result was obtained also when the copolymer which has the repeat unit 
expressed with the repeat unit expressed with the silanol mold organic siloxane system 
macromolecule which has the repeat unit expressed with a formula (2) instead of or a formula 
(1), and a formula (2) was used. [ the parent macromolecule (silanol mold organic siloxane system 
macromolecule which has the repeat unit expressed with a formula (1)) of an example 23 and 24 
examples 22 ] That is, by the substitution reaction by the alkylation silicon amine and the 
alkylation germanium amine, the refractive index of the permutation section improved to 1 .564- 
1.571 in the example 23, and improved to 1.563-1.570 in the example 24. Moreover, the heat- 
resistant temperature of the obtained optical waveguide was 251 degrees C in 250 degrees C 
and an example 24 in the example 23. Creation conditions are shown in a table 1. 
[0060] As shown in example 25 drawing 3 , on the silicon substrate, it applied so that the silanol 
mold organic siloxane system giant molecule which has the repeat unit expressed with a formula 
(1) might be dissolved in methyl isobutyl ketone and it might become 1 5-micrometer thickness 
with a spin coat method, and the resist pattern with a width of face [ of 7 micrometers ] and a 
thickness of 5 micrometers was applied (a) and on it. Baking was performed for 1 0 minutes after 
it and in the 100-degree C ambient atmosphere. Next, the above-mentioned ingredient was put 
to the steam of the mixture of an alkylation silicon amine (Si3 (CH3)) (2NH) and an alkylation 
germanium amine (germanium3 (CH3)) (2NH) (b). Exposure conditions were performed for 40 
minutes with 31 pascals and the steam temperature of 210 degrees C here. 
[0061] The mixture ratio of an alkylation silicon amine and an alkylation germanium amine was 
set to 1 to 10. 

[0062] Consequently, H of the OH radical of a parent macromolecule was permuted even by 
depth of 8 micrometers by Si (CH3)3 and germanium (CH3)3 at a rate of 1 to 5 (c). Moreover, it 
improved even to 1 .567 that the refractive index of the organic siloxane system macromolecule 
expressed with a formula (1) was 1.563. Consequently, it was shown that the relative index 
difference of the core section and the clad section becomes 0.3% or less, and the optical 
waveguide of a single mode can be formed. 

[0063] Then, after removing a resist, the organic siloxane system macromolecule which has the 
repeat unit expressed with the formula (1) which methyl isobutyl ketone was made to dissolve on 
this was applied so that it might become 1 0-micrometer thickness with a spin coat method, and 
the optical waveguide of the first pass eye shown in drawin g 3 was obtained. 
[0064] Furthermore, on this, it applied so that the organic siloxane system giant molecule which 
is the same mixed presentation as a first pass eye and which is shown by the formula (1) might 
be dissolved in methyl isobutyl ketone and it might become 1 5-micrometer thickness with a spin 
coat method, and a different resist pattern from a first pass eye was applied. Moreover, baking 
was performed for 10 minutes after it and in the 100-degree C ambient atmosphere. Next, the 
above-mentioned ingredient was put to the steam of the mixture of an alkylation silicon amine 
(Si3 (CH3)) (2NH) and an alkylation germanium amine (germanium3 (CH3)) (2NH) on the same 
conditions as a first pass eye (d). Consequently, H of the OH radical of a formula (1) was 
permuted even by depth of 8 micrometers by Si (CH3)3 and germanium (CH3)3 at a rate of 1 to 
5 also by this layer (e). Moreover, it improved even to 1.567 that the refractive index of the 
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RANORU mold organic siloxane system macromolecule which has the repeat unit expressed with 
a formula (1) was 1.563. Consequently, it was shown that the relative index difference of the 
core section and the clad section becomes 0.3% or less, and the optical waveguide of a single 
mode can be formed. 

[0065] Then, after carrying out resist clearance, the optical waveguide of the shape of a 
polymorphism and the multilayer mold which applies the silanol mold organic siloxane system 
macromolecule which has the repeat unit expressed with the formula (1) which methyl isobutyl 
ketone was made to dissolve on this so that it may become 1 0-micrometer thickness with a spin 
coat method, and is shown in (f) and d rawin g 3 was obtained. This thing was thermally stable to 
251 degrees C. 

[0066] When what used the silanol mold organic siloxane system macromolecule shown in the 26 
to example 48 examples 2-24 for the two-layer eye shown in the example 25 with the 1 st layer, 
and produced it was made into examples 26-48, the optical waveguide of the shape of a 
polymorphism and multilayer structure was obtained similarly. 

[0067] Change of the refractive index by the substitution reaction In the example 26, by 1.563- 

1.565, and the example 28 in 1.562-1.564, and an example 27 1.562-1.565, [ 1.562-1.564, and an 
example 29 ] [ 1.563-1.565, and an example 30 ] [ 1.561-1.564, and an example 31 ] In the 
example 32, by 1.563-1.565, and the example 34 in 1.562-1.564, and an example 33 1.563-1.565, 
[ 1.562-1.565, and an example 35 ] [ 1.563-1.565, and an example 36 ] [ 1.562-1.564, and an 
example 37 ] In the example 38, by 1.561-1.563, and the example 40 in 1.562-1.564, and an 
example 39 1.562-1.565, [ 1.562-1.565, and an example 41 ] [ 1.563-1.565, and an example 42 ] 
[ 1.564-1.567, and an example 43 ] In the example 44, it was [ at 1.563-1.565, and an example 

47 ] 1.563-1.565 by 1.562-1.565, and the example 46 in 1.563-1.565, and an example 45 in 1.564- 

1 .566, and an example 48. 

[0068] In the example 26, the heat-resistant temperature of the obtained optical waveguide by 
253 degrees C and the example 27 255 degrees C, In the example 28, in 256 degrees C and an 
example 29, by 251 degrees C and the example 30 252 degrees C, In the example 31, in 253 
degrees C and an example 32, by 249 degrees C and the example 33 251 degrees C, In the 
example 34, in 252 degrees C and an example 35, by 251 degrees C and the example 36 250 
degrees C, In the example 37, in 252 degrees C and an example 38, by 259 degrees C and the 
example 39 250 degrees C, an example 40 — 252 degrees C and an example 41 — 251 degrees 
C and an example 42 — in 258 degrees C and the example 43, it was [ at 250 degrees C and an 
example 46 / in 251 degrees C and an example 47 ] 251 degrees C by 251 degrees C and the 
example 45 in 252 degrees C and an example 44 in 250 degrees C and an example 48. 
[0069] 
[A table 1] 
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[0070] 

[Effect of the Invention] What is necessary is just according to this invention (claims 1-8), to 
apply the same macromolecule twice, in order that the spreading process of the raw material of 
macromolecule waveguide may obtain the waveguide of one layer unlike the conventional 
production approach, as shown in drawin g 1 . By the production approach of the conventional 
macromolecule waveguide, as shown in drawi ng 4 , at least 3 times or more of spreading 
processes (the spreading process of the organic macromolecule which forms the clad in (a), the 
spreading process of the organic macromolecule which forms the core in (b), spreading process 
of the organic macromolecule which forms the up clad in (c)) are needed, using a different 
macromolecule. As mentioned above, in this invention, the efficiency of a making process can be 
increased and reduction of fabrication cost is attained. 

[0071] Furthermore, according to this invention (claims 6 and 7), it becomes possible considering 
the silanol mold organic siloxane system macromolecule of a parent as various copolymers to 
control the refractive index of the clad section and the core section with a sufficient precision 
easily. That is, precision is easily improved by production of the optical waveguide of a single 
mode and a multimode. 

[0072] Furthermore, according to this invention (claim 7), the silanol mold organic siloxane 
system macromolecule of a parent is used as the copolymer which has two or more kinds of 
repeat units, and if a unit is used repeatedly, the thing for which it does not have at least one 
hydroxyl group (OH) at all and for which the refractive index of the clad section and the core 
section is easily controlled with a sufficient precision only by the alkylation germanium amine will 
become possible. That is, production of the optical waveguide of a single mode and a multimode 
can be performed easily. 

[0073] Furthermore, according to this invention (claim 8), it becomes possible to control the 
refractive index of the clad section and the core section by the mixing ratio of an alkylation 
silicon amine and an alkylation germanium amine easily. That is, production of the optical 
waveguide of a single mode and a multimode can be performed easily. 

[0074] Furthermore, according to this invention (claims 2-8), by applying a silanol mold organic 
siloxane system giant molecule, and repeating the process which puts the mixture of an 
alkylation germanium amine or an alkylation silicon amine, and an alkylation germanium amine 
twice [ at least ] or more using a different resist pattern, using the same resist pattern, the core 
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section can be made deep, and the optical waveguide of a single mode and a multimode can be 
easily produced with a sufficient precision, and the optical waveguide of multi-functionalization 
and multilayering can be produced easily. 

[0075] furthermore — according to this invention (claims 9 and 10) — the copolymer 
presentation of a parent macromolecule — moreover, the optical waveguide of multi- 
functionalization and multilayering can be offered by being able to offer the optical waveguide of 
a single mode and a multimode, and making it two-layer structure according to the substitutional 
rate of a trialkyl germanium NOKISHI radical. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is making process drawing by the structure sectional view of the single mode 
macromolecule optical waveguide of this invention. 

[Drawing 2] It is making process drawing by the structure sectional view of the multimode 
macromolecule optical waveguide of this invention. 

[Drawing 3] It is making process drawing by the structure sectional view of the shape of a 
polymorphism, and the multilayer mold macromolecule optical waveguide of this invention. 
[ Drawing 4] It is making process drawing by the structure sectional view of the macromolecule 
optical waveguide of a conventional method. 
[Description of Notations] 

1 A substrate, 2 A silanol mold organic siloxane system giant molecule, 3 A resist pattern, 4 The 
steam of an alkylation silicon amine and an alkylation germanium amine, 5 A core, 6 A clad, 7 An 
organic giant molecule, 8 A mask, 9 Flat-surface exposure ultraviolet radiation line. 



[Translation done.] 
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[ Drawin g 2] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran.web_cgLejje 



2006/09/05 



JP,2001-318248,A lDKAVVi^GSJ */3 ^—^ 




[ Drawing 3] 
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im*m2] lf*3SlIE^<DXStr2!El£Jl±fl-/j;t\ 

m*^3j !i*^ite«c<73xm^2[Hiw±ff^v\ 

5»*3J11, 2*fctt3E««)3fe*»Ko§!i3t*«fe. 
Hbl] 

/oh 



5 i -O 
OR 



5$ (1) 



(5fc (1) RliAP^^tt5rt^T-#67/u 
[If** 5 ] ->7; o ^*!«5fr-M s 



/OH \ 
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S i -O-j- 
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^ (2) 
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Hfc3l 



(2) <K Rli^n^y^tt^r^^t^^T^ 
(1) -ca*?Stt-5t»l951LW4i:* (2) T-^:fc>£ 

i. 2*fcii3iBtt^5t*iftis^ia3e*feo 

[ft** 7 ] ->7/ -;H«l->o 

(2) -cafeSix-5»*)5gU*ffi^. 5£ (3) T^fc>£ 

n*j»9iguMk a (4) x-mfrztbzmvmvm 

ixL. (5) -C*feSix5»9iBL*fir, 5fc (6) X*^ 
;b£n6ll9igL*fiL * (7) T«*>S*L*l*9igL 
»ffi*5J:t/* (8) -C«^$ix5»9jgU*ffid>e)tt6 

mfrhm&frtL'pt* < i o<o»*)iiuiMi&*-r6 




- - s j -o+- 



i -O-- 




OR 



s 
I. 
o 

I 

s 



i -O 



-- S i -O 



/ 



3 (3) 



(4) 



it (5) 



£ (6) 



5$ (7) 



5* (8) 



&W&t-1-Z>$n&mi. 2. 3. 4. 5. 6£fcf±7i2 
[11**9] ff**K 2. 3, 4. 5. 6. 7*fc 
[§»** 10] fvy Ktts&K >7 7 

[0 0 0 1] 

x. ft7T4'*tm&£&xft7T4'<£vmbtix% 
tcftmn&m'&mm^xnxfiftyr * 



So 

[0 0 0 2] 

Sfc. SPXtt^tJst 9. rfcTOWfcfcBfc-Cfca (MR 

¥10-30 1 3 o 

[0003] SI^tii»S@Wi^:L *DX*S 
mW^^UTii. T^yi — h^SS5H\ #— 

11-133254 »4MR. 11-23 

8 7 1 ftmw^ 10-170739 -g-^*, &m 

¥10-332962 *&«) o #»*tt»"Ofi.' *DXtt 

(^ft> 4 3t, 4#. p. 27 1 (1 

9 94) ) . *fc, *fttt^*^*«t>«**t>^dS% 
jtbitS (MB¥l 1 -3 8 2 4 l-g-^a) o 

[0 0 0 4] L**UMSS>, Jl^^LT^>5^ 

iROfcfcl^ 3tii« icJBi^&ftT^S 1. 3i*m»d3J: 
tM . 5 5 /i m«^»^»»»tt*SM««-J|6f J-it^T* 
ott^ (ffl¥6 - 1 0 9 9 3 6^M) o ^Vc. ^ 

it 2a^oB5H L £fflS^£#Sa s fc6c £<b 
lr x maStS t ^jg-g- tctili Astdfcm t > b frt<5 a** (£>te 

3ig\ 4#. p. 2 7 1 (1 9 9 4)). 2t££ 
OfflSte^t*?*)^ (If HPS 6 1 -2 4 0 2 0 7^ 

[0 0 0 5] Z<DX&ZM&:-rZ>fz1b{Z. tiv/^V 

^¥6- 1 0 9 9 3 MB ¥6- 1 7 2 5 3 3 

^$ft, #§3¥5-6 6 3 0 1 t^a, ffl¥3- 1 8 
8 4 0 2 4#^Bg 61-240207 ^^) 0 

r 9«<*«tt*J:<ft*. s/yayWMTfc 
[ooo6] :oi/y3yM^im=-7S^ 
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tffc£;h/C^*. ft««tt^«fett, <MM*»<0»*S2 
1 0-3 6 5 1 1 #£;$&) o fc 5 -0(Cli x tli/ y 3 

v^K#T-<0#*fr<o > y = ^7t^*{&<o 3 j:t^4{ffi 

7^CfflV^*feT$)^ (W»5-6 6 3 0 1f^ 
tt) o ro»&lwtt, 3^3RK»*i:tt<04« 

[0 0 0 7] $£>lr. r<oj:5ft»»*-e«L. 7fc>5i£3§ 

6o ^*<tt>. ss^oaflfias^ 3 

20 g-Cfc-So v^y =^&«»£ii:fcB«0&«*<Z>K 

[0 0 0 8] C*x*W«-»i«^5R*f»S:ffll^** 
[0 0 0 9] 

30 {ST?ffll^S>*b£> 1 . 3^mi$M. 5 5 /x mSct^f S 

^«A,^W4t>h>6<. £ 

r.n^oPflffl^*»^i-Sfc*J-#»^y 

h\ 37, iS^7y K(OJgJ5S^fc^(-S(&3[Hl<OiS^ 
[ooio] #3l93-m. Sfi±l:*>7/-/Hf«lv' 

40 r/^wt^y^^r^i://^ 

[001 1 ] 

r^^r/Hb^/i-^— ^^r ^ >^fc(ir/i-^/Hb^y 



(4) 
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iS*«fe . W#*lf^<0:[X*2[sI»±fT 

p^^mK^iwS; (i) ^afrSftSK^SrJB^ 
i/D^f-^K^JwS; (2) x-mfrZtizmVtelsW. 
5) . ^?y-A«*t'>n*t^»»W* (1) 

•c*fc»*tts»9 5guw4^* (2) x-mt>ztiz>mv 

(1) r«toS*L*|»9iBUl|ltf*J:tF/*fc 
list (2) T?atoS*t5*»D3SL*ffi4:. (3) T-« 

t>stt5jtt0isumfi:, * (4) -e**?snaift9iSL 

* (5) -e»*>**vs»9 3KU<iBt. * (6) X' 
*fr3;h,5i»0jSU*te. * (7) -e«*>§*t5ift!>il 
lWti3j:t«: (8) -c«te*ttft*fc5 5llL*.fit^fe* 

7) . 7vw*-/Wfc->y ayr^ytr^Wfc^^ 

o-CK3SStt63t#KK (f»**9) 4Wi:^?*yK 

v/o*1^*K^**&^**a«S 0) 
[0 0 12] 

Mb4i 



35 (1) 




/OH 
I 

--Si-O 



--Si-O" 
I 

\OR 



5t (2) 



[0 0 13] 
lit 5} 



20 



40 



^ (3) 



OR 



* (4) 



SC (5) 



5* (6) 



5t (7) 



-- Si-0 J - 
1 

O 
I 

- - 5 i -O - - 
I 

R 



V 



/ 



5S (8) 



[0014]^(D - (8) (^^XRIi/>D^y^ 
[0 0 15] 

mw<Dni&<oi&t&] — ifti-x Tts&ss^r una. ®»f 
y ^r^s^fcd h y 7/^yo^'>ii: h y r/u^r/i- 

[0016] *JgB^<D«|jS*fe-Cli. v/7^ -^S*T« 

o Hi y ( h y 7/^/uy^ 
[ooi 7] mm±\^>yy-^m^m^>o^^M 




(5) 



5, 5/?-/-yHB*»->o*iJ->3Ms^f-©«|0| (OH 

[0 0 18] mWLt LTte. fc£xJ^ 535, ->y 3 10 
3tft if Srfflt^C £ ds-C# £<, 

[0019] mmttt) t ft* ^7 y -/^ 

^ffl*«5/o **V3Ri*#?-<D$^»J: ttli, 1 0 0 

oo-ioooo oas#£ut\ ^t-s^i oooo* 

9,-lO00OOi:Cx.5fc m^K<otHW^—\z 
ft-5«H6]i&s*>5o ^^y-^Wm^^^f-^iS^ 20 
^ Ltll fcfc*.tf, * (1) <0*9 3SU*tt:*r*i-S 
fliSHK !* (2) (DHUfiU^ttSrfl-rSie^ * 
(i) <a«9i!UiMa£5*; (2) (D^t)^L#{i^^-r 

5#fi^#»5H% ^ (i) (omvmi,miL&£xf/i£ 
fcwss (2) <D»*)iguiiffifc. 5$; (3) (8) o 

^i*tt^o»0 5SUmffi^ft< ki> lo^ff^^l 
*fW5#***>lf*£i#-C#6. i-ftto'b, * (1) 
-5t (8) X-^^^5^«9igL*ffi*5j:^^ftbOja 

«v-D^>-^i«^4rffit^sri:dS-C^Sc ^ (1) 30 
-5£ (8) Rli7/^/Htt5Ct^t^6^ 

t)»*L<ttl~5-C*>6, R*»dS5S:Cx.5tS5^ 
^^9^(E^* s iK< ft*«|pJ* s *>6o 
[0 0 2 0] h<Dm$l^ ii® 3 — 1 0 m-Cfe 

[0021] r/^/Hbv/^yr^y^Ud fc£ 

;ttf. * (9) T^b^^hyr^y^yr; 

LTIt fc£;Ltf. ^ (10) -C*fc>£*t5 h !i 7 40 

(9) *5«fctfifc (10) RttT/l^/U^Sl^U 
fr£L<(2. Kfft^l-6, <fc 9#l£L<ttl-3^ 

(S i Rs) 2 NH 5£ (9) 

(G e Rs) 2 NH ^ (10) 

[0 0 2 2] 7;^/WI:^-7-')^7^ lsS.tz.VX7 
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ftpcit^-ct^o 

[0023] m^mmn. ant3K«E* s 100-10 

jBjWeFSU^. fKftflEdsi 0 O^^/HSrr^S^T/i' 
WLI:< <ft-5«[«]^*>t), iSl^l 0 /<*#A*J« 

[0024] sgftiastt. »#i 50-25 ox^-r* 

1 5 0T:*^TM:t7A^/Mt^>y ^ VTS l^tT/^/U 

[0 0 2 5] SSftOWB**. iMMU 3 0-6 0 $HHfr 
ft5£fc* s »*Li\ »S^dS3 0#*i*-OttT/Mr 
/Wke/y =>yr 5 yt7;^/Ht^=!>A7^ ^ic 

«tS«»SfS* s ^TUftt^ffifp)*s*)!J. 6 0^:x.6 
[0 0 2 6] i«08gl:j;oXU^^ h«4$nfc 

Hi) (OHSr7/u^;Wk^^? a i^s^-r 6 r £ a* 
^taCLT, h y r/u^-/^->oap->s^fctt h y t/^ 

*v-S£ft6 c r*xe>£>«*SU:J:»K - 

[0 0 2 7] £ b\ZZ.(D±\Z^ TtiDis? S -^m^fflt^ 
[0 0 2 8] 1 SS^iS^<O^S:S*«-^ 

Tffii^fiRt-Sfcfe^JBW^SftSgUOH^SrSrU 
<^"T5^ 1 bft<. -ttOiS^SrTas^ 7 y \?&<D 

j^S1>ftv\ 

[0 0 2 9] ^7y-/^*«->cr^i^>^S5^4r^ 
^T-^zSSi: LXIi l 0— l 5fim%#£f3; Uv\ 10 



(6) 
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[0 0 3 0] Y<DW£\^ 10-25/imt 

cxmwL3t<Dm%Ltf*$<fj:y. <*6 

[0 0 3 1] * 7 y KS5i =TSlSfc<DHJr*(Oai\ t> 

•cfo-Sc it^Sf^Mfi. «*ttu o. l-i. o%£i- 
5c ttJS*r«P3SSr0. 3%JWT£-f5 C <h IcJ; 9 , v-^ 
^u^- KO**:*ttS*Sr kfrX£2> e l£®#r*M 
4:1. o%«T£i-6::£tt:J: 9, -r/i^Mr- KG)** 
ifi$*ac^^ff5o K»£=Ttt<0JBJT* 

[0 0 3 2] «**J<&<a»J»J*. fc£;ttf. T/u^/Hb 
-g^lc^T. ^M^7$ ^<OjS-&tfc«rfWfl¥i--5^ 20 

X'l : 2-1 : 2 0 <DfflX$Efc£ltZ> Z. kfcX^h* 7 
/U^Mkis ]) 3 >T ^ v^r 1 t Ltz. t *<D7fr*Mk# 

[0 0 3 3] Sfc. Mil^v/7/-/US^tU^St) 

y~/u£SrW-r5j^9 5gL*^*J^^WUT, AMR 
-C#6 0 

[0 0 3 4] lt&mmm<Oft&EW\^ = 7U<ntefct: 

R^*-5r^ds-C#6c -^A^e— K<fc*M«+ 

$iJ«|l-r-5C^I-«t 9fT<f 5o gl^lco^Tte. 7 

*u ft^mcisis* bs<*-^&mi^x, 7&*Mt 

IfI4:'>/«£< irt>2iEjjy±fi 1 ^5 CilU 9. iS/*-f-6 

r£#-c#6 e d<oxs^»9 5iu[si»tt0fa-r6='T 



10 

I00 3 51.J6I:, «-»SEKJl-C^) = T««*«^5 

h'** — ^JBjSSL 7/^;Wb^^^A7^Vifc 
n7/^Mt^V ^^7* y«l:7/u^;W^/^-!>^ 

r s > t oa*«o3K*^»-riasr** < 1 1 2 ma 

.[0 0 3 6] ">7 / -^Iti v-o ^rf 

m&*<D7/i'*/i'm<D?kmm**^* 7>7tmx~m&'f 

1. 5 5 Mm^Kfi*fi-C03t#j6Wtt*J:9r6]±S*^ 

rt^t-l^ ^oyytft$il 7 0-1 0 0%-cfc 

5r^s»*L<, J:9#*U<ti. 8 5 — 1 0 0%t 

6 1. 3/im*5«fctM. 5/tmWi|»tl^t< 
*6*rt)*S*>6« /NP^yft7x^;HT*I^f 

WJ»ttSrJ:9lpJ±*^:6^i:dST#6o 
/^pyy^: L-cr47y**s#Sb-e4>6A^ ft&(^^n^v 
7tmxi>£\,\ »f»ttS:rp)±$-fr6^i:^J:9. 
<k-T6*&0»ttA/*:«ttS:fil±**6 r i 5 Q 
2 5 0 t8lta±OB«ttS:ll»-C# 5 r 

[ 0 0 3 7] 

@ll^fJ:5lc:vy=iyS^±^ ^ (1) xmfr 

>%km#* m#m#*) zmmv (a) . ^o±i^. 

5 MmJ¥Slcft6J: 5«-*!*ttu^^ hJKS:S*L. ^ 

tt'io^-^y^Wofc e o#*tr. r^^-^ 

>fb->U =» y7^ > ( (S i (CHs) a) zNH) irT^ 
^/Wky/U-^=9AT ^ > ( (Ge (CHs) 3) 2N 

h) k<Dm&9o<nte«Li^ ±m(nttn&. mm^T3 

O^^/WO^f+XB&bfc (b) o ^^^1 9 5tt' 

5 o^PflfTftofco r/^/Htv'y ^y/ry^7/^ 

[00 3 8] S/xm^^l^X'^il^ 
OOHlOH^1^5^-eS i (CHs) s^Ge 

(CHs) z\Z-W&ttMz. (c) 0 l»*J^iIR^ffi 
NMR^Wa^fefco ^fc, * (1) Xflfr£;ft,5 

^■T-OJBJf** 5 1 - 5 6 2*Cfcofcfl)ft 1. 5 6 61c 

Sr*HJi 0 . 3 %£ATIwft 9 K<03fe*i6K 
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[0039] ori-. mn^mx, fitriBu-v 5 ^ b&m 

£i*:7c5£ (i) ^v^y-^SWttl^p^^ffi^ 
Sr*fcT^=i — bjfelwj;0 1 0 Mmj¥$^*SJ:p^a^ 
LT (d) . H 1 J: 5 

otfu 2 5 o^-CfRttl-S^T-fcofco 
[00 4 0] HJfitRl 2 

Kt£tt>H2UfctR*r. fttMB^I-tt* (2) -eXfcSfr 
v/y^^r^v- ( (s i (C2H5) 3) znh) *3j:t*r 

/V^/W^/^ = !?^7^y ( (G e (C2H5) 3) 2N 

h) zim 2<DU&ttmx~m^fro 
[0041] ^^e*. 8 nm^m^^xmwm^ 

(DOHSOH^1^6(^f«J^-CS i (C2H5) sirGe 
(C2H5) *\zW»£fr>tZo ^ (2) -CStoSiX 

*J&*1. 5 6 3X^o^(7)^ N 1. 5 6 7 11^X^11 

0. 3%J^TU:/£9 v^^/we— K03t»KSS*:^"e 
# 5 - <b $ ttfc, 

[0 0 4 2] b£l&^U7t<D*>, rcO-bl-^^/l- 

>T V-f^iVr Y^zMM^tz.^ (2) -egfc>£*x*» 

-hfetwit) 1 0/imUSI:46J:5i:!i*Lt, El 
[0 0 4 3] 3 

(1) -C*t>Stt5*!P5SUmffi:i:* (2) T-:g;b£*L 

v-y^r^ ( (s i (CsH?) 3) 2 nh) &£XfT 

/U^r/Hby/^ — $J±T% is ( (Ge (CsHt) 3) 2N 

h) &itt4(nm&ikmx*m\<^tz< i 

[0 0 4 4] 8 n nKOi^^t'i#il^ 

(OOHStOH^ l^2(OffJ^T*S i (CsH?) 3^Ge 
(C3H7) 3 i:il^t ^ (1) (2) 

&*<Offi$T^& 1 . 5 6 3 T-£>o7c<7}/^ 1. 5 6 5(1 

Sr^MflO. 3%£TFI->i?> v'V^Ou*- K<D3fe*ifiK 

[0 0 4 5] ^rCXr, Ui/^ h^g, 
4 yJ^^T b Safest (1) -e^*?£*t32£ 
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[0 04 6] ^lM#'J 4 

*M fcfi. Wit*** (D- -C*fe*^S»D5SU*tti: 

10 ffl^fc. »WT3l^#^ 
121 OttM 0#Mff&ofc 0 T/^^r/Wbv-y = 
>y ( (Si (CsH?) 3) 2 NH) lo£X$Tsi>*Mktf 
;^^T;> ( (Ge (CsH?) 3) 2 NH) S: 1 *fr 
1 4(7)^it*T^^7t c 

[0 0 4 7] ^ErOig*. 8 M m^ifliS KSffSWHHaO 
HS(OH^1^7cDfiJ^-eS i (CsH?) s^Ge (Cs 

ht) 3jc««isttfco *fc* * (1) -e«fr£*t5i»*> 

iSUJMfci:* (3) -cafe 9 5g U»fitSr fi-TS 
*«S/n^^3fiJfi5^T-OH*r#d s l. 5 6 4-Cfcofc 
20 <Dj&K l. 5 6 6C4-C|6jJ:lfc, ^T§iS<h 

[00 4 8] i/^ b Srl&^bfccD^ ro_h 

K^/Wf y^f/Uir h V^»£i§T7C5£ (1) "C*fc> 

SttS»9iSb*fit4:* (3) -e*fcSttS*0 3gU* 
J:H0/iinJ?$i^5J:5l:Mt-C, HI 1 M^i" J: 

30 [0 0 4 9] 

^JS«4 05t (3) -eafc>Stt6ift!?)SUW4o«;^9 

IC, S; (4) . (5) . (6) , (7) ifcli (8) X 

m^^tihm^Mvm±^^^xhmm<D^^mhtb 

JBSr*j6S^J£4fl5-eiil. 5 6 2H1. 5 6 4 1C 
^16W 6 -Cfi 1 . 5 6 2 A^ib 1 . 5 6 5 ^JfiWI 7 T* 
tel. 5 6 3^61. 5 6 6 1-. H16«l8Tfil . 5 6 
2^ 1. 5 6 4, ^ffi«9X^l. 5 6 3^1. 5 
40 6 5«3i|fo±Ufc. »e>ttyt3t»«K^iiWRrftS 

fi. IMi5tli2 5 4t, $I^6tli2 5 2t, ^ 
1^7fli2 4 9U i»j8X'(j:2 5lt s ^ffi^ 9 
-Cte2 5 2 c CX-feo7C 0 #*tt«o«*iK^o«j«tt; 

[0050] MMM 10 — 15 

mmw4~~9<D#: (1) xmfrzfrzmy&^&ntt 

f^jftftW=tt« 1 i^-Tc 

so [00 5 1] 1 6 
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II, flHttfst (1) T«to**t6|»9«UJ|ltti:*; 
(2) T-*t?$ixejft9igLW4t^; (8) xmt>zti 

#ofc c T ^ <rMY>?>V-*~ fp AT S V ( (Ge 

(CHs) zNH) (O^m^^tio 

[0 0 5 2] 8Mm^f^l^T*tM^ 
(DOHSOHO7 0%^Ge (CHs) s^e&£;fxfc 0 10 

^ (l) T~mt>£tvZ>mVte^M{&bi& (2) -c 
3i:b£;ft£ll^L*te^ (8) x~mi?£tbZ>mi9T& 

L#fe^W-r^*S^^S^T-^S#r#^ 1 . 5 6 4 X 
hotz<Df)K 1. 5 6 7(^^T*^]JiLfc c =i 

[0 0 5 3] U^h»i^ c^ii^f/Ky^ 

HMfcfcS; (2) x*Sfc>£*u*l*Bigu*teti*; (8) X* 20 

xn — h^lcj: 9 l 0|imf*l:*5J:5 ic^ftJ UX. 
0l^i-i:5*3t*jKKS:»^ o COfc^te, 26 0 

[0 0 5 4] Hlfe« 17-21 

HJEflU 6<z>s£ (8) -e*^sn-5*!9 3SL.mffi:^ft*> 

^ (3) (4) 

^stts«fc9)iuw4, (5) xmfrtstizmvmisW. 

fiL (6) t*b*ix5»»)fiL*tt4fctt (7) T* 

mmw i 7 -eii i . 5 6i frh i . s 6 4 tc x mm 

W 1 8 XI2 1 . 5 6 2H 1. 5 6 411, HJStfiJ 19t 
(11. 5 6 3^f)l. 5 6 ^&fe#J 2 0 XI* 1 . 5 

6 3H1. 5 6 5lw. Hjfel3 2 1X1*1 ■ 5 6 2H 
1. 5 6 4lCfS]_hLfCo #e>nfc3feWSKOiJgft 
HlftfiRI 1 7 Xf*2 5 5t, mmffl 1 8 Xi* 2 5 
3^ HJS^il 9X12 2 5 3^. 0 Xfi 2 5 5 

<C> Hfe^2 1 Xf*2 5 3tT'*)ofc, #jllfi0!ltf>ef*; 40 

[oo55] tmm 2 2 

y *ABt*£«<a-ti-. (1) x~&t>ztiz>m 

T-^^^-r y^fvv^ h >«w»» s*x-x e>-n— h 

grKJ:*} 1 5 //mi?^l^«C^J:9^iai (a) . 
±i£ii«<0;&i£X\ /^-yji3 0/im, 5 /i m(D 
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^/uftvynyr^y ((Si (CH 3 ) 3) 2 NH) t 
T/^/Wttf'^—Z^TZ V ( (Ge (CHs) 3) 2 
NH) ^SifrttC)**^ ±IE<D*tt**:»Lfc 

(b) 0 il^ttli, 3 1^*#/K 1 OX: 

^4 05MBJfT*ofc« T/^Mb^y =>-T^ V*5j;tf 
T^^HkyyP^n i^J^T £ ^a>S-frtt;*tt, 1 *t 1 6 

[0 0 5 6] 1 0 »m<Dmziztixmt£mft 

^COOHSOH^ 1 tt8<Dp\&XS i (CHs) 3^Ge 

(CH 3 ) 2\zw.&£thti (c) 0 ^ ci) xmt> 

5 6 3t*fcofc^^ 1. 5 7 OlC^Xft 
[0 0 5 7] ^:t\ Ui/;* h£B£*Lfc £b 

tw. m^st (1) xmfrztizmymismiL&m-tz 

/u^r h >i^^£^:X^ — h&lwj; «9 1 0 Atmi? 

Ojum, S^5Mm(0^h/^-y^itU 

5 Vfc©3K«^»i-, Hua!^l^m^XS^2[El^ 
«9 igUff^o/c (d. e) o 

[0 0 5 8] ^(DCO-h^ IHll^^^h^U 
C^±l^^f /Ky^f/^ h^l-*)SIS*fc* (1) 

xm*> z nzm v m umffi^^i-^) >y s 

i^6i:5^i*tT (f) > @2t^-TJ:5*3t*iK 

m^^/^^e— K^3fe*&»*^fcc CCOtCDH. 2 5 
2 X; £ X^Wi-^Xfeo fc 0 
[0 0 5 9] HJB0H2 3*3j:t/2 4 
^tfefiRI 2 2 (7)©^i« ^T- (D •e*feStt6*!3iS 

u^fit**-r-s ^7/ —^m&m-> * ^--v-^mft*) 

(l) -e*ip*ixS«fc9 3SUW4^* (2) T-«h>$iL 

«*95^®»T*d s . lafc^l 2 3 Xn 1 . 5 6 4^^)1. 
5 7 lie, HffiW2 4THl. 56 3H 1. 5 7 0C 

M2 3T112 5 0^:. i«2 4X-I12 5 ltt'foo 
[0 0 6 0] ^SS^ 2 5 

m 3 i^-r j: ^t^~>y ^ystoic, ^ (i) 
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(a) . %r<D±.\Zl&7 |im. J¥£ 5 fjL m<D Uis* h'<? 

yr^;y ( (s i (chs) 3 ) znh) fcr/^/Wty 

;wn^7;y ( (Ge (CHs) s) 2 N H) t CD^ 
±E<0»»*:»Ufc (b) . <MTft# 
HU rCT'(i3 IMS2 1 OtTM 0 5> 

[0 0 6 1] T)V*M\Li/ V =» 5 ^ t T^^r/Hk^ 10 

[0 0 6 2] ^CO^*. 8 Mm(Di$II^*ei#i^ 
(OOHSOH^ l^fSCOSJ^-eS i (CHs) s£Ge 

(chs) sicg^^nfc (c) 0 -ttc. (i) x~mt> 

S*t6#«Vn^v*JB^f<oJB*r*!»Sl. 5 6 3-C 

Jb^tccotfK i. 5 6 7tc^-erpj±ufc 0 £<E>jsg*. =i 

[0 0 6 3] ^r-C. l/^h^iLfc^*>H ^CO_L 20 
* fcT^a- Midi: «9 1 0 /imJ¥£fc:ft* J: 5 left* L 

[0064] £ b^. ^<d±\z, m-m&tmcm&m 

* (1) -C*Stt-5*«^n^^5R«iiHF- 

l 5 M mI^i/^J:9l:i*U fg-JIg 

1 0 0tO#i^T'l 0^M^<— =¥V^€:fT^ofc 0 30 
0#*l^ T/l^/Wfc ~> U =1 ^ > ((Si (C 

H3) 3) znh) tr/^/Wb^^^is7-;y 

( (Ge (CHs) 3) zNH) t 0>S<fr4fe<03lB*IC _L 
Sao»»4:KS— «a (d) o -t<o 

ife*. :*t"[)8 m^^lC^X'^ (1) 00 Hi 
OH^ i^5(7)fiJ^-CS i (CHs) 3^Ge (CHs) 3 
^WmtStltz (e) „ * (1) T**h>$tt5*9 

[0 0 6 5] -^^T% U-v^^ hBfe*Lfctf>*>. r (7)±[- 
^ f y^^^r h VtSjllS-frfcS (1) 



&m2 001-318248 

16 

9icm^Tux (f) , h 3 izTjk-t&jtm . &mm<oytm 

[0 0 6 6] H££#I 26 — 48 

K^SrStMiW 2 5-C/Tlfclilt 2g@t-ffl^Tf£ 
fi Lfc t OSr**« 2 6 - 4 8 i: L t i: ^ 5, H*^ 

[0 0 6 7] ««EJSfc J; 5JBW*oaEft«4, 2 
6 "Cfi 1. 5 6 2H 1. 564, MMW 2 7 "Cfi 1 . 
5 6 5 6 5. HSS012 8 "Cli 1 . 5 6 2^5) 

1. 5 6 4, 9T*ttl . 5 6 3H1. 5 6 

5 . 3 0 Til 1 . 5 6 1 frh 1 . 5 6 4. HJ&#!l 
3 1 til 1 . 5 6 2 1 . 5 6 5. HJE09 3 2 

1. 5 6 2i»b"l. 5 6 4, HS«i]3 3X*lil. 56 3 
^bl. 5 6 5. HJS0il3 4Xfil . 5 6 2^1. 5 

6 5 . mmm 3 5 1. 563^1. 565, mm 

W3 6T*lil. 5 6 2H 1. 5 6 4. *5fe^!l3 7T*fi 
1. 5 6 3/5^ 1. 5 6 5, H»j 3 8 "Cfj: 1 . 56 2 
7^<bl. 5 6 4. 3 9 -QV£ 1 . 561^1. 5 

6 3 . 4 0 "Cfl 1 . 5 6 2*^ 1. 565. MM 
m 4 1 -C-f* 1. 56 3H 1. 565. HJ6#J 4 2 Xte 

1. 5 6 4H 1. 567. MMffl 4 3 "Cli 1 . 5 6 2 
^bl. 5 6 5, ^J4 4T'{11. 5 6 3H1/5 
6 5 . HlffeW 4 5 -CI* 1- 5 6 2^1. 565. MM 
M 4 6 T-f± 1- 56 3H 1. 565, 4 7 

1. 5 6 4H 1. 5 6 6, W6«4 8tlil. 56 3 
1 . 5 6 5 "CfcofCo 

[0 0 6 8] »fetbfc3t*RK^>ltfRiaStt. H26«2 

6 T-fi 2 5 3t, 2 7 "Ctt 2 5 5^. WMM 2 8 

T-^2 5 6t, MM®] 2 9 "Cli 2 5lt, HU60S 3 Ot 
«i 2 5 2 °C, HlfiWI 3 1 -Cfi 2 5 3t, 3 2 T*fi 

2 4 9t, ^^^1 3 3 -Cte 2 5lt, ^M^'J 3 4 Til 2 

5 2^. mmw 3 s x*^2 5 i x,. nmw 3 6 x~\± 2 5 

OX:. MMM 3 7 t?ti 2 5 2t, 3 8 Til 2 5 9 

glttlWI 3 9 T*fl 2 5 0t, 4 0 "Cfi 2 5 2 

<C. ^ffi^"J 4 1 T*tt 2 5 1U *JfiW 4 2 T-fi 2 5 8 
Hlf£0S4 3T*li2 5 2^. ^M!4 4TH2 5 1 

T:. ^fi^4 5T*a2 5 0t:, 6-CtS2 5 1 

r. H*fe«4 7T-(12 5 Ot, ^JSM4 8X112 5 it 

[0 0 6 9] 
[til 



50 
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195 
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45 
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210 


40 
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70 
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210 


40 
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70 
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195 


50 
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75 
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195 


50 
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60 
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195 


50 
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70 
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195 


50 
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80 
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1:14 
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195 


SO 
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70 
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1:14 


31 


210 


40 


11 
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70 


(4)30 




3^ As 




1 : 10 


30 


195 


50 


12 




75 


(5)25 








1:18 
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195 


50 


13 




60 


(6)40 








1:10 
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195 


50 


14 




70 


(7)30 








1:12 


30 


195 


50 


15 




80 


(8)20 


t^A? 






1:14 


30 


195 


50 


16 


40 


40 


(8)20 








0:100 


31 


220 


50 


17 


40 


40 


(3)20 






TArlrT^rrlt* 


0:100 


31 


220 


50 


IS 


40 


40 


(4)20 






T As^^ry^?^ 


0:100 


31 


220 


50 


19 


40 


40 


(5)20 








0:100 


31 


220 


50 
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40 


40 


(6) 20 




^/v 




0:100 


31 


220 


50 


21 


40 


40 
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TAs^y-Kytt* 
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220 
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1:16 
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100 






^/v 




1:16 
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210 
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50 


50 




ttAS 






1:10 
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210 


40 



[0 0 7 0] 

[3WK08MH #3SW (8»#3Sl~-8) \zxti&. 

V^T, J&>0, t>3lsl£JL±^)Sfe*iiam ( (a) X 

<D=T*M&^zmm&ft*<omtti&u. (c) t©± 30 

[0 0 7 1 ] £<blw. (»#*6*3J:tf7) fc± 

[0072] $tbi^> 7) \zxtit£. m 40 

ft <D y 7 J - frWMtik n ^-ir i^^T- ^ 2 Sgj^l 

(Dimm (OH) Sr±<#**^*9jgU»fir*rffl^^ 
tf N 7;w^/Wt^^- ^7; i/<DfyX'. #77 

t =rto<omvi*ttBL± < *at-»M»r * c t * pi* 

[0 0 7 3] £<b{C. (»*«8) fcjfttf, * 



[0 0 7 4] #5591 (H*3S2-8) l^J:n 

[0 0 7 5] ^Jbl-x (11*9 9^^10) lC 

[(H 1 ] #3SW<0 v'^/i^— KiB^T-^&K^flt 
[ID 2 ] *$&m<0-*jv^=£— KK^^KK^WS 

[03] *mw<Dmm - &mm&&*ytm&&<offi 

im4] &&&<Dm&*ftmfc&<omjgmmm\zxz> 
imummxtbz* 

1 ssu 2 ^^y-zwaww-vn**^**^. 
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(a) 
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(0) 



(a) 
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(f) 



[04] 



[02] 
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-1 
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